If you're from Iowa, the name Harold Hill may evoke the image of Meredith Wilson's fictional traveling salesman, a charlatan who brought joy to the strait-laced farm community of River City and love into the heart of Marian, the librarian. However, the Harold Hill who's pertinent to our discussion today is the one who joined with fellow San Francisco radiologist Maurice Sachs to publish the classic 1940 paper, ''The Grooved Defect of the Humeral Head: A Frequently Unrecognized Complication of Dislocations of the Shoulder Joint.'' 20 Despite their subsequent eponymous association with this pathological depression fracture, Drs Hill and Sachs made it clear that they were not the first to describe the finding. Their meticulous review of the literature began with a series of pathological shoulder specimens collected by W.H. Flower from London museums and described in his 1861 treatise, ''On the Pathological Changes Produced in the Shoulder Joint by Traumatic Dislocation.'' The narrative continued with a litany of case reports from the balance of the 19th and early 20th centuries that identified the defect in humeral heads that had been resected as a salvage procedure for the treatment of chronic or habitual shoulder dislocation. 20 In the words of Drs Hill and Sachs, In all these cases there was such a similarity in the change found by the various operators that the groove or excavation became known as the ''typical defect.'' A composite description of these resected specimens may be summed up as follows: ''The defect is located posterior and medial to the greater tuberosity on the posterolateral aspect of the articulating surface of the humeral head. The groove is navicular or wedge-shaped and its average measurements are 2.5 cm. in length (cephalocaudad), 1.5 cm. in width, and 0.75 cm. in depth. The defect is demarcated from the surrounding normal bone by sharp or vertically projecting walls, which in the larger defects stand at a right-angle to each other.'' 20(p690) The authors 20 noted that, as humeral head resection fell out of favor, this lesion usually went undiscovered through the anterior surgical approach typically used to treat common shoulder instability. In 1940, plain radiography represented the state-of-the-art technique for visualizing skeletal pathology. One of the prime motivations for Hill and Sachs in writing their paper was to emphasize that this defect was common, but could easily be missed on radiographs depending upon the views obtained. They again claimed no primacy for this observation, crediting a 1925 paper by W. Pilz, ''Zur Roentgenuntersuchung der Habituellen Schulterverrenkung,'' as the first to stress this point.
The original portion of the paper by Hill and Sachs 20 was the documentation of 8 case reports collected from 119 shoulder dislocations examined over a 9-year period. The greatest value of their contribution, however, was to synthesize the existing literature and their own experience to arrive at several important clinical conclusions: that these defects represented a compression fracture associated with anterior shoulder dislocation, that they were common, that they often occurred at the time of the initial dislocation, and that a similar anterior injury might be present in the case of posterior dislocation. Insightfully, they also identified this lesion as a possible reason for unsuccessful surgery. In summing up their first case, they opined, ''It is probable that such large grooves as were exhibited in this case explain some of the failures of capsulorrhaphy.'' 20(p696) Treatment trends in orthopaedic surgery often follow a typical progression. After a problem is identified, multiple surgical solutions are proposed. Over the course of years, and frequently decades, these different options compete for popularity among surgeons. Then, perhaps by dint of a dramatic technical innovation or promising reports of outstanding short-to medium-term results, one surgical alternative becomes dominant, or even achieves consensus status. A complacent feeling that the problem has been solved may settle over the orthopaedic world. This complacency usually proves ephemeral, as longer follow-up reports emerge showing that the success rate is not as high as originally perceived. Thoughtful researchers proceed to analyze the factors associated with treatment failure. As potentially remediable causes are identified, new treatments are proposed, or once-discarded options are resuscitated, to address them. These solutions are themselves vetted over time, and the cycle repeats itself.
Of course, reality is rarely as orderly as such a schematic analysis would indicate. Nevertheless, I think this pattern can be perceived in the contemporary surgical treatment of anterior shoulder instability. After decades of competition among various options, the type of repair championed by A.S.B. Bankart 5 this popularity. If complacency ever occurred, however, its reign was brief, as follow-up studies have shown an undesirable incidence of recurrence. Insightful authors have identified factors associated with surgical failure. 4, 7, 8, 14, 32 Some of these, such as youth or participation in contact sports, are not surgically modifiable, so treatment efforts have focused on ones that are amenable to surgical intervention, particularly bone loss.
Initially, attention has been centered on glenoid deficiency. Biomechanical laboratory studies and clinical analyses have both been directed at identifying the critical amount of bone loss associated with an elevated risk of recurrent instability following isolated soft tissue repair. 28, 29, 35, 37 Last year, Shaha and colleagues 28 published a study that analyzed the clinical results of arthroscopic labral repair in 72 military patients according to the amount of glenoid bone loss noted on preoperative imaging. Dividing the patients into quartiles according to the size of the defects, they observed that the clinical outcomes, as measured by the Western Ontario Shoulder Instability (WOSI) score, declined significantly from one quartile to the next. Even when those with outright failure were eliminated from consideration, patients whose bone loss was greater than 13.5% had a mean WOSI score of 901, which they deemed clinically unacceptable. With these results in mind, Shin and colleagues 29 have performed a cadaveric study, reported in this issue of The American Journal of Sports Medicine, in which they investigated the biomechanical effects of glenoid defects, in 5% increments, ranging from 10% to 25% of the largest glenoid width. Noting that a soft tissue repair in the presence of a glenoid defect of 15% or more shifted the position of the humeral head, restricted external rotation, and did not restore normal translation, they concluded that the amount of glenoid bone loss that should be considered critical might be in the vicinity of 15%.
Proposed solutions for remedying glenoid deficiency include utilizing detached fragments when available, 24, 30 coracoid process transfer, 6, 8, 13, 18 free autograft, 1, 3, 11, 25, 33 or allograft. 16 Autografts have been shown to remodel over time to conform more closely to the original glenoid morphology. 25 In this issue of AJSM, Deml and colleagues 11 present a 10-year follow-up on a series of 14 patients treated with J-shaped iliac crest bone grafts. Because they restricted their analysis to patients with preoperative computed tomography (CT) scans the series was small, but they reported persistence of high patient satisfaction, clinical stability, excellent range of motion, and Constant scores ranging from 80 to 100. Using CT-osteoabsorptiometry, they also demonstrated that remodeling of the reconstructed glenoid along physiological lines had occurred.
Despite the attention paid to the recognition and treatment of glenoid deficiency, orthopaedic surgeons have not forgotten the admonition of Hill and Sachs that their eponymous compression fracture might predispose to failure of a soft tissue capsulorrhaphy. 4, 7, 8, 32 As these lesions are very common, both clinical and laboratory researchers have sought to identify the defect characteristics that would lead to recurrent instability. Intuitively, the size of the lesion would be a relevant feature, and several reports have noted that large Hill-Sachs defects are indeed associated with surgical failure. 4, 7, 10, 32 Hill and Sachs warned that an AP radiograph taken with the shoulder externally rotated was likely to overlook the lesion, and accordingly, Balg and Boileau 4 considered that a defect that was radiographically visible in external rotation was probably large enough to increase the risk of recurrence.
In addition to sheer size, however, the precise location and orientation of the defect may be clinically relevant. 8, 10, 21 Burkhart and De Beer 8 stressed the concept of the engaging Hill-Sachs lesion. They defined an engaging lesion by its arthroscopic appearance as one that presents with the long axis of its defect parallel to the anterior glenoid with the shoulder in a functional position of abduction and external rotation, so that the Hill-Sachs lesion engages the corner of the glenoid. Yamamoto and colleagues 21, 36 expanded on the definition of engagement by introducing the concept of the glenoid track. They defined the glenoid track as the area of the humeral head that contacts the glenoid, and noted that this footprint shifted with increasing abduction, external rotation, and extension of the shoulder. Observing that lesions extending medial to this contact zone risked engaging the anterior glenoid rim and causing dislocation, Kurokawa et al 21 noted that such a situation might arise in the presence of a large defect or a smaller but medially situated one. Other authors have since endorsed or confirmed the utility of the glenoid track concept for identifying Hill-Sachs lesions that could increase the risk of recurrent instability. 12, 23, 31 For the glenoid track concept to be clinically useful, one must be able to visualize it in individual patients. Yamamoto et al 36 measured the width of the track directly in cadaveric limbs and reported that it averaged 84% 6 14% of the glenoid width, with the precise magnitude varying according to the position of the shoulder. They confirmed these impressions with 3-dimensional CT measurements in 3 patients. More recently, Omori and colleagues 27 from the same research group provided further confirmation in 30 volunteers using 3-dimensional reconstructions derived from magnetic resonance imaging. In this issue of AJSM, Burns and colleagues 9 describe 2 methods of predicting engagement of a Hill-Sachs lesion in vivo that do not require 3-dimensional reconstruction, yet have a high degree of correlation with the prediction derived from a 3-dimensional glenoid track model.
Clinically, the implications of the Hill-Sachs defect cannot be considered in isolation. Yamamoto and colleagues 36 noted that the width of the glenoid track on the humeral head is a function of the width of the glenoid itself, so that the presence of both glenoid and humeral head defects in the same shoulder could have an unfortunately synergistic effect. Arciero and colleagues 2 investigated this synergy in 21 cadaveric shoulders using small-and mediumsized humeral head defects reproduced from actual Hill-Sachs lesions, in combination with glenoid deficiency of varying degrees. They determined that, in the presence of a medium Hill-Sachs lesion, even 2 mm of glenoid bone loss significantly reduced glenohumeral stability and risked compromising a soft tissue Bankart repair. Gottschalk and colleagues 19 described similar findings in a somewhat different cadaveric model. They reported that the combination of a humeral head defect as small as 19% of the humeral head diameter and a glenoid defect of only 10% of the glenoid width significantly decreased joint stability in the laboratory setting.
Treatment choices for engaging Hill-Sachs lesions are still evolving. In their classic 2000 paper, Burkhart and De Beer 8 listed options including restricting external rotation with a soft tissue capsulorrhaphy, bone grafting of the defect, or, as a last resort, rotational osteotomy of the proximal humerus. More recently, the arthroscopic remplissage technique, which diminishes or fills the defect by anchoring the infraspinatus tendon and posterior capsule into the lesion, has enjoyed considerable attention in the literature. 12, 15, 17, 22, 26, 38 Wolf and Arianjam 34 WOSI scores averaged 79.5%, American Shoulder and Elbow Surgeons (ASES) scores 89.3, external rotation was reduced by an average of 5°, and 6 patients developed recurrent dislocation. Although 96% were able to return to at least 1 sport, 66% of athletes in a throwing sport noted trouble throwing, suggesting that remplissage might not be the ideal treatment for a throwing athlete.
Three-quarters of a century after its publication, the treatise of Hill and Sachs still impresses with its insight and prescience. Nevertheless, contemporary research continues to expand our knowledge of the clinical importance of the radiographic finding that captured their attention. Improved understanding of the implications and interaction of bony defects of the glenoid fossa and humeral head will help orthopaedic surgeons refine their approach to the treatment of shoulder instability and, hopefully, enhance our ability to return athletes successfully to the activities they love.
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